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(54) INK FOR HOLE INJECTION LAYER OF ORGANIC EL ELEMENT AND 
MANUFACTURING METHOD OF THE SAME, MANUFACTURING METHOD OF 
ORGANIC EL DISPLAY DEVICE, AND ORGANIC EL DISPLAY DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an organic 
EL display device using ink for a hole injection layer 
with excellent hole injection property, which hardly 
coagulates, and prolongs the life of the EL element. 
SOLUTION: A plurality of cells, composed of the 
organic EL element comprising an anode, a cathode, 
a hole injection layer and a polymer light emitting 
layer arranged between the anode and the cathode, 
are two dimensionally arranged. The hole injection 
layer is formed by using aqueous ink in which, 
associated material of donor type molecule 
containing polythiophene derivative and acceptor 
type molecule containing polystyrene sulfonic acid 
derivative are dispersed, and of which, sulfuric acid 

ion density is 1 ppm or less, and the content of the component having molecular weight of 
1 10,000 or less in terms of polystyrene sodium sulfonate at the aqueous gel permeation 




10 



chromatogram measured by UV (254 nm) is less than 35% of total molecular weight. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]An association body with an acceptor property molecule which contains a 
polystyrene sulfonate derivative with a donor nature child who contains a poly thiophene 
derivative underwater distributes, In drainage system gel permeation chromatogram which 
concentration of sulfate ion is 1 ppm or less, and was measured by UV (254 nm), by 
sodium-polystyrene-sulfonate conversion, a with a molecular weight of 110,000 or less 
ingredient, Ink for organic electroluminescence hole injection layers being 35% or less of 
overall-height molecular weight ingredients. 

[Claim 2]Distribute an association body with an acceptor property molecule which contains 
a polystyrene sulfonate derivative with a donor nature child who contains a poly thiophene 
derivative underwater, and said ink by dialysis process or an ultrafiltration process. In 
drainage system gel permeation chromatogram which set concentration of sulfate ion in ink 
to 1 ppm or less, and was measured by UV (254 nm), by sodium-polystyrene-sulfonate 
conversion, a with a molecular weight of 110,000 or less ingredient, A manufacturing 
method of ink for organic electroluminescence hole injection layers considering it as 35% or 
less of overall-height molecular weight ingredients. 

[Claim 3]A pixel characterized by comprising the following included two or more kinds so 
that a pixel of one kind of luminescent color or the luminescent color of an organic EL 
device may be different is arranged in two dimensions, In an organic EL device in which at 
least one luminescent color is shown manufacturing an organic electroluminescence 
display which has a hole injection layer, An association body of a donor nature child and an 
acceptor property molecule distributes underwater, and concentration of sulfate ion is 1 
ppm or less, And in drainage system gel permeation chromatogram measured by UV (254 
nm), by sodium-polystyrene-sulfonate conversion a with a molecular weight of 1 10,000 or 
less ingredient, A manufacturing method of an organic electroluminescence display forming 
said hole injection layer by applying ink for organic electroluminescence hole injection 
layers which is 35% or less of overall-height molecular weight ingredients with an inkjet 
method. 
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An anode. 
A cathode. 

A polymer luminous layer arranged between said anode and said cathode. 

[Claim 4]A pixel characterized by comprising the following included two or more kinds so 
that a pixel of one kind of luminescent color or the luminescent color of an organic EL 
device may be different is arranged in two dimensions, Have an organic EL device in which 
at least one luminescent color is shown, and a hole injection layer said hole injection layer, 
An association body with an acceptor property molecule which contains a polystyrene 
sulfonate derivative with a donor nature child who contains a poly thiophene derivative 
underwater distributes, In drainage system gel permeation chromatogram which 
concentration of sulfate ion is 1 ppm or less, and was measured by UV (254 nm), by 
sodium-polystyrene-sulfonate conversion, a with a molecular weight of 1 10,000 or less 
ingredient, An organic electroluminescence display currently forming using ink for organic 
electroluminescence hole injection layers which is 35% or less of overall-height molecular 
weight ingredients. 
An anode. 
A cathode. 

A polymer luminous layer arranged between said anode and said cathode. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

I.This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention relates to ink for organic electroluminescence hole 
injection layers used in order to produce a high-intensity and long lasting organic 
electroluminescence display and a manufacturing method for the same, the manufacturing 
method of the organic electroluminescence display using this ink, and an organic 
electroluminescence display. 
[0002] 

[Description of the Prior Art]These days, the electroluminescence (EL) element using the 
multilayer film of the organic matter attracts attention (for example, JP,63-264692,A, JP,63- 
295695,A, JP,1-243393,A, JP,1-245087,A). It roughly divides into an organic EL device, 
and there are two, the method of carrying out vacuum deposition of the low molecule, and 
producing it and the method of applying and producing a polymer solution. Large-area-izing 
is easy for the method of applying a polymer solution, and it is suitable for manufacturing 
the full color display of a high definition and a big screen especially by an ink jet process. 
[0003]ln order to make impressed electromotive force low in a polymer organic EL device, a 
hole injection layer is formed. This hole injection layer applies underwater the ink which the 
association body of a donor nature child and an acceptor property molecule distributed, and 
is formed in it. However, the formed element of low molecular weight was contained in this 
hole injection layer, and if it makes an element drive over a long period of time, as a result 
of the formed element of low molecular weight reaching to a polymer luminous layer and 
acting as a trap agent or a quencher by diffusion etc., there was a problem of leading to 
degradation of display properties. 

[0004]ln order that the ink in which the formed element of low molecular weight is contained 
may tend to cause condensation, In ink jet film production, worsened reproducibility of 
spreading, became a cause of failure, the surface smoothness of the film obtained was 
spoiled, or the precipitate formed by prolonged preservation became garbage, and there 
was further problem of spoiling the characteristic and the life of an organic EL device. 
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[0005] 

[Problem(s) to be Solved by the lnvention]lt is hard to condense the purpose of this 
invention, and it is excellent in a hole injection, and there is in providing ink for organic 
electroluminescence hole injection layers which gives a long lasting organic EL device and 
a manufacturing method for the same, the manufacturing method of the organic 
electroluminescence display using this ink, and an organic electroluminescence display. 
[0006] 

[Means for Solving the Problem]lnk for organic electroluminescence hole injection layers 
concerning one mode of this invention, An association body with an acceptor property 
molecule which contains a polystyrene sulfonate derivative with a donor nature child who 
contains a poly thiophene derivative underwater distributes, Concentration of sulfate ion is 
1 ppm or less, and a with a molecular weight of 1 10,000 or less ingredient is 35% or less of 
overall-height molecular weight ingredients in sodium-polystyrene-sulfonate conversion in 
drainage system gel permeation chromatogram measured by UV (254 nm). 
[0007]A manufacturing method of ink for organic electroluminescence hole injection layers 
concerning this invention, Distribute an association body with an acceptor property 
molecule which contains a polystyrene sulfonate derivative with a donor nature child who 
contains a poly thiophene derivative underwater, and said ink by dialysis process or an 
ultrafiltration process. In drainage system gel permeation chromatogram which set 
concentration of sulfate ion in ink to 1 ppm or less, and was measured by UV (254 nm), a 
with a molecular weight of 1 10,000 or less ingredient is made into 35% or less of overall- 
height molecular weight ingredients by sodium-polystyrene-sulfonate conversion. 
[0008]A manufacturing method of an organic electroluminescence display concerning other 
modes of this invention, An organic EL device with a polymer luminous layer arranged 
between an anode, a cathode, and said anode and said cathode, A pixel included two or 
more kinds so that a pixel of one kind of luminescent color may differ from the luminescent 
color is arranged in two dimensions, In an organic EL device in which at least one 
luminescent color is shown manufacturing an organic electroluminescence display which 
has a hole injection layer, An association body of a donor nature child and an acceptor 
property molecule distributes underwater, and concentration of sulfate ion is 1 ppm or less, 
And in drainage system gel permeation chromatogram measured by UV (254 nm), by 
sodium-polystyrene-sulfonate conversion a with a molecular weight of 1 10,000 or less 
ingredient, Said hole injection layer is formed by applying ink for organic 
electroluminescence hole injection layers which is 35% or less of overall-height molecular 
weight ingredients with an inkjet method. 

[0009]An organic electroluminescence display concerning other modes of this invention, An 
organic EL device with a polymer luminous layer arranged between an anode, a cathode, 
and said anode and said cathode, A pixel included two or more kinds so that a pixel of one 
kind of luminescent color may differ from the luminescent color is arranged in two 
dimensions, Have an organic EL device in which at least one luminescent color is shown, 
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and a hole injection layer said hole injection layer, An association body with an acceptor 
property molecule which contains a polystyrene sulfonate derivative with a donor nature 
child who contains a poly thiophene derivative underwater distributes, In drainage system 
gel permeation chromatogram which concentration of sulfate ion is 1 ppm or less, and was 
measured by UV (254 nm), by sodium-polystyrene-sulfonate conversion, a with a molecular 
weight of 1 10,000 or less ingredient, It is formed using ink for organic electroluminescence 
hole injection layers which is 35% or less of overall-height molecular weight ingredients. 
[0010] 

[Embodiment of the lnvention]Hereafter, the embodiment of this invention is described, 
referring to drawings. The 1 -pixel outline sectional view of the organic electroluminescence 
display concerning one embodiment of this invention is shown in drawing 1 . Although 
explained with reference to drawing 1 below, an organic electroluminescence display 
concerning the embodiment of this invention and a manufacturing method for the same are 
not limited to this. 

[001 1]ln drawing 1 , the septum 4 which consists of insulating materials is formed in the 
transparent substrate 1 surface which has the insulation of glass etc. Each cell separated 
by the septum 4 is formed with the organic EL device in which one of the luminescent color 
is shown among three sorts of luminescent color (R, G, B). That is, three organic EL 
devices with which the transparent electrodes (for example, anode) 3, such as ITO, the 
electron hole transporting beds 5, 6, and 7, the polymer luminous layer 8, 9, or 10, the 
buffer layer 11, the cathode (counterelectrode) 12, and the silver electrode 13 were formed 
in the substrate 1 surface one by one are separated and formed of the septum 4. The 
material which, as for the polymer luminous layer 10, the material which, as for the polymer 
luminous layer 9, the material which the polymer luminous layer 8 shows red (R) 
luminescence as a dye molecule of a luminescence center shows luminescence of green 
(G) as a dye molecule of a luminescence center shows luminescence of blue (B) as a dye 
molecule of a luminescence center is used. These organic EL devices are connected with 
the transistor 2, respectively, and the sealing film 14 is further formed in the top layer. 
[001 2]1 pixel is formed of three cells formed with these three organic EL devices. A desired 
color is made to emit light from the polymer luminous layer 8, 9, or 10 with the transistor 2 
by impressing voltage between the transparent electrode-counterelectrodes of one of 
organic EL devices suitably. That is, the electron in which the electron hole supplied from 
the transparent electrode 3 was supplied to the polymer luminous layer 8, 9, or 10 from the 
cathode 12 through the electron hole transporting beds 5, 6, and 7 reaches to the polymer 
luminous layer 8, 9, or 10 through the buffer layer 11. As a result, luminescence arises 
because an electron hole and an electron recombine in a polymer luminous layer, and it 
becomes possible to observe the color of this request from the transparent substrate 1 side. 
In arranging such a pixel in two dimensions, the organic electroluminescence display of this 
invention is producible. 

[0013]ln the embodiment of this invention, the ink which the association body of a donor 
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nature child and an acceptor property molecule distributed underwater is used as ink for 
organic electroluminescence hole injection layers. As for a donor nature child, it is preferred 
that it is a poly thiophene derivative, and, as for an acceptor property molecule, it is 
preferred that it is a polystyrene sulfonate derivative. Specifically as a donor nature child, 
conductive polymers, such as a polythiophene, poly aniline, and polypyrrole, are preferred. 
Poly (3, 4 **JIARUKOKISHI thiophene) with still less optical absorption in a visible range as 
a donor nature child is more preferred. As an acceptor property molecule, acidic 
macromolecules, such as polyacrylic acid and polystyrene sulfonate, are preferred. 
[0014]lt is thought that the polymer of the multicharged ion and low molecular weight like 
sulfate ion contained in such ink for organic electroluminescence hole injection layers 
becomes a trigger of condensation, these - small - in order that a **** molecular weight 
ingredient may tend to cause migration and may work as charge trapping or a quencher 
within the produced organic EL device, it becomes a cause which shortens a life. 
[0015]Then, in the embodiment of this invention, the concentration of sulfate ion uses the 
ink which is 1 ppm or less. Sulfate ion can be measured by ion chromatography GUFI. 
[0016]ln the embodiment of this invention, a with a molecular weight of 1 10,000 or less 
ingredient uses the ink which is 35% or less of overall-height molecular weight ingredients 
by sodium-polystyrene-sulfonate conversion in the drainage system gel permeation 
chromatogram measured by UV (254 nm). If it has another way of speaking, in the above- 
mentioned gel permeation chromatogram, elution time will use the ink whose ingredient for 
16 minutes or more is 35% or less among overall-height molecular weight ingredients. The 
molecular weight 110,000 corresponds in elution time 16 minutes by sodium-polystyrene- 
sulfonate conversion. In gel permeation chromatogram, elution time is as short as the 
amount ingredient of polymers, and, in a low molecular weight constituent, elution time 
becomes long. The measuring condition of gel permeation chromatogram is as follows, and 
shows the value about measurement on the conditions altogether hereafter. 
[0017]Measuring condition: Drainage system gel permeation chromatographic column, +0.1 
mol of eluate:methanol [ water + ] (10 volume %) Na 2 S0 4> and deployment flow: 1 -ml part 

[ for /], column temperature:40 **, and detectonUV (254 nm). A drainage system gel 
permeation chromatographic column is [ trade name TSKgel(it is substrate about vinyl 
polymer) x2 ]. Alpha-M Guarantee theoretical plate number:7000TP/[ the particle diameter 
of 13 microns, column:7.8 mm inside diameter x30 cm in length, and ] 30cm. By 
measurement, it is guard column TSKguardcolumnalpha. With 6mm inside diameter x4 cm 
in length. 

[0018]ln the embodiment of this invention, it is more preferred that elution time is [ the 
ingredient for 16 minutes or more ] 30% or less among overall-height molecular weight 
ingredients, and it is still more preferred that it is 25% or less. However, since spreading 
performance will fall if less than 15%, it is not desirable. 

[0019]ln the process in which this invention persons perform dialysis of the ink for organic 
electroluminescence hole injection layers which is a moisture powder system, or refining by 

http://ww4.ipdl.inpit.go^^ 3/20/2008 



JP,2003-297581,A [DETAILED DESCRIPTION] 



Page 5 of 10 



an ultrafiltration, it found out that the life of the organic EL device produced using such ink 
was extended that it is hard to condense the ink which fulfills the above-mentioned 
conditions. 

[0020]The manufacturing method of the ink for organic electroluminescence hole injection 
layers of this invention, Distribute an association body with the acceptor property molecule 
which contains a polystyrene sulfonate derivative with the donor nature child who contains 
a poly thiophene derivative underwater, and said ink by the dialysis process or an 
ultrafiltration process. In the drainage system gel permeation chromatogram which set 
concentration of the sulfate ion in ink to 1 ppm or less, and was measured by UV (254 nm), 
a with a molecular weight of 1 10,000 or less ingredient is made into 35% or less of overall- 
height molecular weight ingredients by sodium-polystyrene-sulfonate conversion. 
[0021]Especially in this, a dialysis process is preferred. Although 12000 or more are 
preferred as for the cut off molecular weight of permeable membrane or ultrafiltration 
membrane, it is effective, if it is a case where ink is comparatively used within a short 
period of time even if a cut off molecular weight is about 3000. These methods may be 
combined. 

[0022]ln the manufacturing method of the organic electroluminescence display concerning 
the embodiment of this invention, a hole injection layer is formed by applying the ink for 
organic electroluminescence hole injection layers mentioned above with an inkjet method. 
Unlike a spin coat etc., inkjet spreading is dramatically sensitive to ink viscosity. Since the 
viscosity of ink will change if condensation of an ingredient, etc. occur into ink, the 
reproducibility of spreading film production is spoiled and it also becomes a cause of device 
failures, such as plugging of a nozzle. Therefore, a merit is dramatically large, if it is hard to 
condense an ingredient and can apply with an inkjet method for a long period of time using 
stable ink. 

[0023]ln the organic electroluminescence display concerning the embodiment of this 
invention, since it is formed using stable ink without condensation of a hole injection layer, 
pixel dispersion and a defect can be lessened. Since there is little migration of a low 
molecular weight constituent, it is long-life. For this reason, the organic 
electroluminescence display concerning the embodiment of this invention is effective in 
especially a thing with a big display screen of 10 inches or more of vertical angles. 
[0024]ln the embodiment of this invention, as for the thickness of a hole injection layer, 2- 
100 nm is preferred, and its 10-50 nm is more preferred. If the thickness of a hole injection 
layer is thinner than 2 nm, a uniform film will not be obtained, and if thicker than 100 nm, 
while absorption will arise in visible light, driver voltage becomes high a little. 
[0025]As for the thickness of a polymer luminous layer, in the embodiment of this invention, 
about 10 nm - 200 nm are desirable. When the thickness of a polymer luminous layer is 
thicker than 200 nm, there is a possibility that the electron or electron hole which had to 
make driver voltage high and was poured in may be deactivated, the recombination 
probability of an electronic-electron hole may fall, and the luminous efficiency of a polymer 
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luminous layer may fall. When thinner than 10 nm, uniform film production becomes difficult 
and there is a possibility that the luminescence for every element may show dispersion. 
[0026]ln the embodiment of this invention, although a conductive material is used for an 
anode or a cathode, as for the electrode arranged at the light-emitting surface side, 
transparent electrodes, such as ITO, are used. Although the substrate in particular with 
which an organic EL device is formed is not limited, when using the substrate side as a 
light-emitting surface, transparency boards, such as glass, are used. 
[0027] 

[Example]Hereafter, the example of this invention is described. 

[0028]As shown in example 1 drawing 2 , each pixel (the size of 1 pixel is 100 micrometer 
around) is formed with a monochromatic organic EL device, and the example which 
produced the organic electroluminescence display of 2.5 inch around is explained. 
[0029]First, the following preliminary experiments were conducted on the ink for electron 
hole transporting beds. As ink used in order to form an electron hole transporting bed, the 
ink raw material (Beyer company make and PEDOT ink CH8000) containing the PEDOT- 
PSS compound shown with a chemical formula (1) was used. 
[0030] 
[Formula 1] 




PEDOT- PSS 

[0031]This ink raw material was processed by the method shown in Table 1 (A-F), and ink 
(A-F) was manufactured. The ingredient for which a cut off molecular weight does not 
penetrate the permeable membrane of 12000 among formed elements is contained in 
these ink not less than 50%. The gel permeation chromatogram of the ink A is shown in 
drawing 3 . 

[0032]For comparison, the above-mentioned ink raw material was processed by the method 
shown in Table 1 (G-J), and ink (G-J) was manufactured. The gel permeation 
chromatogram of the ink G is shown in drawing 4 . 

[0033]ln order to see the preservation stability of the obtained ink, it was neglected for one 
week at 50 **, and bigger floe was seen whether made or not by light scattering. In the ink 
of A-F, bigger floe was not observed but the result checked the stable thing. On the other 
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hand, in the ink of G and H, bigger floe was observed and the unstable thing was checked. 



[0034] 
Table 1] 
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[0035]The display was produced as follows using each of above-mentioned ink for hole 
injection layers. On the glass substrate 1, ITO (indium ****- oxide) which is a transparency 
electrical conducting material as the anode 3 was produced by 50 nm of thickness. The 
septum 4 was formed in the shape of a lattice by the photoresist process. Next, the electron 
hole transporting bed 5 of about 20 nm of thickness was produced with the inkjet method 
using either of ink (A-J). 

[0036]The polymer luminous layer 8 was produced with the inkjet method using poly (3- 
alkyl thiophene) (poly[3-alkylthiophene]-AT) of the red light shown with a chemical formula 
(2) as a material of the polymer luminous layer 8. 
[0037] 
[Formula 2] 




[0038]LiF about 3 nm thick was formed by sputtering as the buffer layer 1 1 . Moreover, Ca 
(calcium) about 100 nm thick was formed as the cathode 12, and the silver electrode 13 
about 300 nm thick was further formed on it. The sealing film 14 was formed in the 
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outermost surface, and each pixel was closed. 

[0039]When ink A-F was used, a jam did not arise in an ink jet nozzle while producing an 
electron hole transporting bed with an inkjet method. On the other hand, when ink G-l is 
used, in the film production second half of the electron hole transporting bed by an inkjet 
method, in a nozzle, seemingly the jam arose and high tension is needed by making the 
specified quantity project. 

[0040]The initial luminance at the time of making the organic electroluminescence display 

2 

produced as mentioned above drive with the current density of 20mA[/cm ] and a 
luminosity reduction-by-half life are shown in Table 2. It turned out that each organic 
electroluminescence display of A-F which formed the electron hole transporting bed using 
ink A-F has a reduction-by-half life of 10000 hours or more. On the other hand, it turned out 
that a luminosity reduction-by-half life cannot reach in 10000 hours, but the organic 
electroluminescence display of G-J which formed the electron hole transporting bed using 
ink G-J is a short life. 
[0041] 
Table 2] 





wmwi ! 

[Cd/m z ] I 


[h] 


A 


6 0 0 


1 6 0 OO 


B 


5 7 0 


1 3 0 0 0 


C 


6 2 0 


1 1 0 o o 


D 


5 6 0 


1 0000 


E 


6 3 0 


1 2 0 0 0 


F 


6 0 0 


110 0 0 


G 


6 2 O 


1 O OO 


H 


6 O 0 


2 OOO 


1 


6 0 0 


5 0 OO 


J 


5 3 0 


7 0 OO 



[0042]ln example 2 this example, the organic electroluminescence display of three colors 
shown in drawing 1 as follows was produced. On the glass substrate 1, ITO (indium ****- 
oxide) which is a transparency electrical conducting material as the anode 3 was produced 
by 50 nm of thickness. The septum 4 was formed in the shape of a lattice by the photoresist 
process. Next, the ink B of Table 1 was used for the hole injection layers 5 and 6, the ink D 
of Table 1 was used for the hole injection layer 7, and the film was produced to 20-nm 
thickness with the inkjet method, respectively. 

[0043]The polymer luminous layer 8 was produced with the inkjet method using the poly (3- 
alkyl thiophene) (poly[3-alkylthiophene]-AT) which emits light in the red shown with a 
chemical formula (2) like Example 1 as a material of the polymer luminous layer 8. 
[0044]The polymer luminous layer 9 of green emission was produced for the compound 
shown with the chemical formula (4) which is a dye molecule of a luminescence center in 
the compound shown with the chemical formula (3) which is a host molecule as a material 
of the polymer luminous layer 9 with the inkjet method using 0.5wt% of the doped thing. 
[0045] 
[Formula 3] 
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[0046]The polymer luminous layer 10 of blue light was produced with the inkjet method 
using the poly (9,9'-dialkyl fluorene) (poly[9 and 9'-dialkylfluorene]-DAF) which is shown 
with a chemical formula (5) as a material of the polymer luminous layer 10 and which emits 
light blue. 
[0047] 
[Formula 4] 



[0048]LiF about 3 nm thick was formed by sputtering as the buffer layer 11. Moreover, Ca 
(calcium) about 100 nm thick was formed as the cathode 12, and the silver electrode 13 
about 300 nm thick was further formed on it. The sealing film 14 was formed in the 
outermost surface, and each pixel was closed. 

[0049]The luminosity reduction-by-half life at the time of making this organic 

electroluminescence display drive with the current density of 20 mA/cm was 12000 hours. 
[0050] 

[Effect of the InventionJAs explained in full detail above, according to this invention, ink for 
organic electroluminescence hole injection layers which gives a long lasting organic EL 
device that it excels in hole-injection nature and is hard to condense and a manufacturing 
method for the same, the manufacturing method of an organic electroluminescence display, 
and an organic electroluminescence display can be provided. 
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(57) 

itim^m ry-Kfc, #y-Kt. <r filiate 

V<0«Jg# 1 P P mfelTT* 0 . **oU V ( 2 5 4 n 

m) tat3fut*sy^i-si->'3 y^ov 

9ACauwt;i?y X^-L-^X/t'tf >-|g-)- h U ^AJ&gT' 
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yttfrTk *>***bWHK l s obm * ywmj&ifi 1 p 

pmiaTt*0, **OUV (254nm) -cajfeSflfc 
*3Hy^vSx- a/a V?ovb^9Afc*5lrVCsKy 

x^w >x)v*>mf' v y *7J±mnx~#^& 1 itjjjit 

k Z&iSLt-t&^mE LjEJLaTJiflH . 

r^tt*?k^-&*S:4MkS*. fulfil >-?2rSWX 
*gg£ 1 p pmJjTFk L> *»oUV ( 2 5 4 nm) T8S 

t *t # y yit h y ^auiwi i 

k £ k £3#f£ k Vflt E LIE7L& ^ ? ^ 

[»**3] 7V-Ffc. *y-Hk. iwetv-f 

k Ml E# V - F k *>IBfcE« £ tit:* y -e-RJCJi k S: 
Ls k 1 1 o^ftfeSr^f ^rflgE LS^IETL 

ft L . KBK * >"<Oi8S# 1 P P mjaTTft 0 > rfPOU 
V (2 54nm) TWeSttfc***^'*- Sx-j^ a 

y^uvF^^A^v^T^yx^i/yx^yK^b 
tf<Dohc7)3 5 XJSTVh h 3r«E LIE?L&A/f ffl 4 V 
WEE?L&Aflte»**-ft £ k £f5©k-f 6^i1iE LSI 

[M#3B4] ry-Fk, *v-Fk. fiJiery-F 

k flyf B# y - F k «DIBfcE« $ fifcjK y k £ 

flTfc 0 s 4«5r< k fc 1 o<0«tfeSr*r*«E LS^ 
fcHE?LiiAJi**U TtuiaiEft&AJfte. *+toKy* 
^•7x yR»*S:*tf F-*— ttJFFk # 'J x+ uyxfr 

(254nm) THBeS<lfc**^Wt-5x-^ a V 

;nvh ^AfcrfcwtTKy xfv^/^yst F y 

l l TJOT^flMM^ 
C0^^>^3 5XJjlTT*6*«ELjETLaAiB«>f 
SfflV^T»«3iiTV^fti k *<*ak-r&*«E LiferR 



[0001] 

filRE L*5^«Srff«-r*fca6KfflV^<i6««E L 
flBv^fc*«EL«5«aitf0«Ba*ft. fcfeVfcHTWEL 
[00021 

u)V***yx (EL) *WflfcBS*ra** (Wit 
if. #^63-264692^ ErRJHa 6 3 - 2 9 5 
6 9 5-§\ #ifl-243 39 3^ «fRH 1 1-24 
5 087#) . *WEL^fctt*&<#W-T. IBWH 1 
£X2^LTfl*tt-4*i£k. tf'J ^-«*«:I«IiL 

TffK-r&*ffioz:o#ft&. *y v-jg?K£^m-r& 

[0003] *ry v-^TBSE L»^tefeVvtEpfln«E£ 
(5 < -t ^ fc^t^ jEfLit 7Ji*«K»t ^tll). ^ OIETL^A 
Wis Ft-tt^t 7^ t77tt^f^^ 

T^O. *^*»liafci?fcoT^«:S»S-er*kifi 
TJtL. F^^/TIPJ^M^JkLT^ffl-r&tSm. 
[0004] &tz. &1H"&(OMmtilftW±£tiT^& 

^z^xm^wm^MK LfzvtmcommkK-ot: 

O^tfcJfcR^Sk^-ofcOUT. W^ELfg^<50# 
tt-^^ S: S^r d k v ^ h Kc h |SJH*« *> o fc . 
[000 5] 

Liz<<. 3^oiE7LaA^ffia, fi#*^«E 
*4i6*«ELIE?LatWBffl-f y^*JJ:V-t^R31* 
ffi, iO>f V^S:ffl^fc*«EL«^l«<7)!8t*ft. 
*feVfc*«EL*»SaiIS:a«-*-&-kfc:ftS. 
[0006] 

tSELIE?LaA®ffl^y^(i:. *+fr*'Jf*7x>« 
**«r*tf F-*— ttiH'kdcy^'f-l^^/WsftylfflW 

P pmHTT* 0 . *^UV ( 2 5 4 n 
m) THS$n^*^y;WN-$x-y a y^D7 K 

5 mz&\ ^ y u yK-t- h y iyj±t&nx~ 

1 ^jaT^*4h6*. ^K^Sfi£^^a^c0 3 
5%JaTTS>^>* 

[0007] *3WHC:«&*fl|E LJETLfiA^ffl^ 
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mttMmiFi&xmzxo . 4y?*mM4*y<n 

lgg£ lPPmtlTt U *^UV (2 5 4 nm) XM 

^t^Wfi/y y F »J V A 1 
1 7jBT*«fl* . ■fefc^H 1 **^ a *><0 3 5 XJST 

[0008] *»HJC0ffi^««tC«&^r»E L^gB 

(7>!Ba*«<4. ry-Ffc. #v-Fk, Huier/-H 

fc HE* V- F k <OlHfcEB S trfztf U v-JfcJfcJB k £ 
^ Ufc^FfliE L*W* 1 B*0fBefe<0B**fc»4# 

U 4 S &< k 1 1 o^O«3tfe2r^&HE L*?*TEFL 

SASfc^rrairffiE l«s38B£«bw* cat o . 

tit. ffiSSi't*>(OmX#l PpmJaTT'ftO. froU 
V (2 54nm) ■CWgSsh-fc***'^^- ^^-^ 3 

?£>f y?^x>y h;^teJ:oT2Hir*a£k£J: 9. 
I? iaiETL&A/f £ Bffrt h^tZ'mLt-th. 
[0009] *^^0flfi<0»«^ffi4*«E L«*^B 
(4. 7/-Fk. #7-Fk. WiTS-Ytmi.* V 

E Lff^), 1 «a<OJ^OM3R4fcf±»3t^*4 

fc fc 1 oeo«*fe**^r«E Lfg^lilHL&A 

*y«0«flE** 1 P P mUlTt* 9 . *OUV <254n 
m) ta^Siifc^^W^Sx-i/g y^nvb/ 

^ a & v vt # »j x ^ y 7s. )v* hv*7 -ut&nz- 

5%WTTJ)5*aELiE7LaASfflW >?S:Jflv^C# 
[00 10] 

[»91<05!J660JBJffiJ KIT. Hffi£#5SL3:#^ 
ffi&^SELa^SIB^lliR^WW&BrfflHSr^i-. IS 

£IK£§*i&fc^Tl43rv\ 

[ooiiiHi iz&^x . if?**? oie»tt£3rr 

. (R. B) CO o ^>V ^-fil^cO^tfe^^^S E L 



JfirifcojaiHIEffi (flU.tf7V-F) 3. ]EilttiS«5. 
6. 7. jKU^-$£fcJ!8. 9*fc«l 0. a>7 T J| 
1 1 . #V-F (WfpjSSI) 1 2. &m«£l 3*^J«<Wg 
KSix^3^^HEL»^*?PBfi4tc«J:^T^fit-}B 

kLT* (R) ^oaaKSr^fWfl* 5 . jK»J -e— 5ft3tt«9 
tiSBK+'&tOfeSfl^i: LT» ( G) OffcESr^ltfR 
;KL>v-3fcfcSl 0««*+*^)fi*»*i:LT* 

(B) co%3tS:**r«WffifflSnTV^. 
$E LSS^Pte-tii^ii F ^ * 2 fcS»S*vt*s 
0. Sfek:«±JBfc»i**jtIBl4*gB«S<irv^&. 

[00 12] Ztl^COS^COmmELmTTBfSLZtltz 

MB. 9*fcttl 0*^Wra^feSr«3tS**. SP^> 
^ajmfife 3 § ti^IE?L«i: jETL^jMS 5 . 6. 7 

1 2*^tt»Sil^lW^'/7rIl lSrffiLT^U 
V-%3t®8. 9 4fcttl O^Ji-ri. ^c7)*£m. #U 

^^fiiffl36»fei^wa^fe*«fflW"&^t*^ 

fgtc^r^. dcoi«3'5:B«S:2»:7cWtcE?J^C:k 
T\ *^O^EL«5aSKS:fW^6ik^"CS 

[0013] *56Hfle0SaS?Bffil(c*5l^Tti:. ^E LIE 
TL&AJIffMy^ LT. ^tb't-S^tr^-fe 
r^tt4HF04^&f*^4rtl[Lfc>f y?*&mth» F^ 

Tli?K'Jf^7xy, ^UT^'Jy. ^Utrn-;W^k' 

t±. prawr^MiaftJR^*^. sku (3, 4-^r^ 
3^W7xy) a6«j:"3«F*uv^ r^-fer^tt^- 

kLTfcfeK , J7? , JA'BL ^'J^f l/y^^i: 

[00 14] ^<Oid^W»ELI?LaAilffl^y^ + 
tc*4ix*«[K^ *y^i ^ sfir**^ *v J Wfi«^*^ 
^Uv-ii. «»«ogiS£fc*6k#£MiS. 
ftfe/jNS^^^»ttf«RLfe*«EL*^rt-Cv-f 

;'i/»i/3y^:iw. nwF^-yr^BiWJk 
[0015] zzx\ xminmtmmzti^xiz. k 

[ooi6]^c, ^micomimmiz&^xte. u 

V (254nm) Tffll^StlSTK^^VWN-^X— g 
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#CDd*><7)3 5%XXTXhhAy?*$mth. 

iUtiffl 16 Steffi S-tS. W^t-Sx-yay 
fifiJcTHa if *m*B***< & 5 . t- 5 x- 

[0017] ffiSjfeff : aWR*^*- S^^^D 

( 1 0ft«%) + 

0. l^/WNa 2 S0 4 . §1633UI :1ml /4h #7 
A&K: 4 OX:. ^ffiH: UV(254nm). 
;WN'-?i-y3 ^^a-7h^?5A(i, Sn°p«TSKg 
el (t'-;^U7-^S$f) X2* a-M &Tf£ 
13S^D^ *7A: 7. 8mmrtgxl$30c 
m, ftffilttftft : 7 0 0 OTP/3 0 cm. «5gT' 
{i. K#7ATSKguardcolumna 6mm|*|flX 

[0018] ^zmmmMBmiza^xiz. ±^ts. 
-3 vmvsomt 1 6 tfiiLtoitT}-* 5 3 0 %«tt- 

[0019] *»WSfett. *ttlfc&T-$>£*1SE LIE 
?U£AJfHH v?<o^iU<H1^8 9 jitcJ:6t*«# 

e L^co^*»-#y^> c: t * i.as Ltc . 

[0020] *»Stf>ffME LjEJUSAJiflM y?em 
JWSrffitt. *+(c.-Kyf-jJ-7xVBHI*Sr*trK^-tt 
#7 i: *■ 'J x 3- P -sx.)V-fc y mmmik S- *tr T 7 -fe r ? 

frlPPrntlTtU *"?UV (2 54nm) T*ffl56£ 
[002 1] Zco^X'ltm&rlM^mzn £ L\t\ mvr 

aafcusw^ai&^Ba*** 1200 0 in±.wi& 

£ U^. *B»-T4j6*3 0 0 OSST'JjoT fcJtKW 
[0022] *&BBOHJfcJ&<S£<$-i>1r«BE L^SSB 

<o85i*ffiCfev^T»i, ±atfcir«ELiE?La£AJiffl 

AV7*A V 9 : J*-v hrfrstC J: iXWtttb Z. b lz£ 



tya-h&h'fcflSrO, -f >?U&&tmz®BX't> 
h. A>7Wzte^Xf&ttnWl&%:b'tfiZ£htA>? 

u sxiunmtvKt'&mtmcommizhKz,. itz 

wc-r v9 : Jx. ••/ vttiziiixmi&thz.btfX'Zti 
if. iiFmz*v>/btf±zi.\ 

[0023] *l6BBcO^*fe»®tC«S*«E L^Ha 

i: **T'£ & . «4HF««*<Ovf TV-S' 3 y-tf 

H^&^SEL^S^Ii. 1 0-1 y^XkcojzZ 
tc^nWM^^f^ii^iiZ^z^iX'h^ . 
[0024] *m\<7>2$ffi&izti\,*x . iE?LaAiito 

I?li2-100nm*ifilL<, 10-5 0nm*iJ: 
9if£UV jE?taA«Wl?^* i 2nmJ;0^^t^— 
=5rM*^#^iX-f. i^il OOnmiOHV^ii^I^tia 
JR4«^ fc 6 k 1 1 tclBiSmE*^^ < =5r S . 
[0025] *«W<OSSMBB!IR»=*sv^T . >K'J v-JBIfi 
ilWJJS{i**)l 0nm-20Onm*>mU>. df'JV 
-^^^JfS^^OOnmJzOt/PV^i:, Igl&mSSr 

mtm^ymm^i&T-thti^ix^hh . 1 0 n mi 

OtWv^t. ^-^i?M* { SSIi:^0. SH'rtOJBK 
[0026] *JHB<OSOUB»K:*J^r . 7/- K^fe 
EBS*16®6<4 I TOt£b'<rMW%m.ti t ®.mZ1Xh. 

^mELmTtm&ztihmmimzm%.zti%^&. 
s&mzftfiffib Lxmm-thm^. tfjxtcb'omi 

[0027] 

[0028] $mm i 

@2tC*-r<J:^(C. ^tiELf^Ii ( IB 
%<ryf4 X\±\ OOAmHJ) &Bf&L. 2. 5-iy* 

[0029] i-f. iETlJ^it/Sffl ■'f y-?t,z-r>wx &CT<o 
Zo&fmtfifoZS&Zlrrite. lEilJffi£m&Bf&t&ti 
thlzm^hAyfbLX. ( l ) T-^?ixl»PE 

DOT - PSS-(fc&»«r*0-f V^WR (^Mx^t 
SS. PEDOT'f CH8000) SrfflV^. 

[0030] 

[ftl] 
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PEDOTPSS 

[0031] yrsfflmi (A— F) iz^tt 
V9\iZ\$, o *?ftmtt=t-&tf 1 2 0 0 0 coM 

[0032] jtR^fc^>t-. -Lia^M >?m&m 1 

(G-J) fcS^Srffi-CWHUT-f^^ (G-J) £K 



[0033] 'tektliU y7<0»#££14S:JL&fctf>. 

5 0-cnaiaawiL. asttatio. i 

[0034] 

[*1] 







(ppm) 


Outfit (%) 


A 


ttWftl-M. 1 2 O 00£7)2ffil? 


0. 4 


2 4 


B 


ttwft^M. 12000 omftrnt: 


0. 4 


2 6 


C 


ttistf^i: 1 2 0 0 o<Dmn&& 


1 . 0 


3 2 


D 


jfHvT3 


0. 3 


1 4 


E 


ttHtf^t^ O 0 O OCD&VrmZ 

m^x^efamm 


0. 3 


1 7 


F 




0. 3 


3 5 


G 




1 0 


3 6 


H 




8 


3 0 


I 


Q«)^>^S»B»?i1 2 00 


2 


3 2 


J 


ISJMRfc, ^IJ^S 5 0 0 0 (OS 


O. 8 


3 8 



[0035] ±!a^*jE7l&7JfflM V? £ffiv\ JUT 

ry-H3fcLT*^ttsw*m-cft* ito (-fv^ 

JBftLfc. (A— J) OVvf*ia>£JHv\ 



Jf 5 &WS&Ltz. 

[0036] tku ^-mtms^mt txit^ 
( 2 ) r^sixi^fesst^u ( 3-ryp*/i^*7 

x y) (poly(3-alkylthiophen 
e) : PAT) ^rfflV^. ^y;y'x7 bttlz£~>Xtf 

[0037] 
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[flS2] 



(2) 



PAT(R) 



[00 38] A 7 7rll 1 k LTJ?£#J3 nmOL i 

h*l 2kLTHS*-7l OOnmOCa ( rt^^A ) £ 
T^JgU §A>(C^O±tClf§*<;3 0 0nm<7)^S@l 3 
*»J*Lfc. ««Bfc**jhJH 1 4 Sr^« LT#H3t£i* 

[00 3 9] =3r*5, jyfA— FfcJHVVfc«£\ 4 
xx -y httlz* 0iE7Lfi?i*^^^-r 

[0040] JiLhO i o fc LTfBRSiifcfiliE L«* 
gg£ 2 0 raA/cm2 (7)«^jrC8Bl&3-totl$tf>fcJ 

*m8. nm^m^f^m. 2 iz^-t. jyfA-Fzm 
v i-m t „ 10000 B$raia±*^«#ifr Sr^rr* <r t 

jfit>fr~>tz. — ^>"?G~J£fflV^TIE?l3i5*JI£: 
#rtUfcG~J<A^EL3UR8Wi. «ME#«*&36(« 
1 0 0 0 0 WBfc t*«rf . M#ffrT'£> 4 i k 
fc. 

[004 1] 
[H2J 





torn** 

[Cd/m 2 ] 


Ch) 


A 


6 0 0 


1 6 0 0 0 


B 


5 7 0 


1 3 0 O 0 


C 


6 2 0 


1 1 0 00 


D 


5 6 0 


1 0 0 0 0 


E 


6 3 0 


1 2 0 0 0 


F 


6 0 0 


110 0 0 


G 


6 2 0 


10 0 0 


H 


6 0 0 


2 0O0 


1 


6 0 0 


5 0 0 0 


J 


5 3 0 


7 0 0 0 



[0042] nmM2 

*m&mvlilikT(V£ 0 lz UT . HI iZyfrt 3 feO^TSI 
ELgljj&BSrfWHLrt:. 7V-F 
3 k UTjMWHSWmT** I TO ( 4 V>">A-* 

fc. mz. jE7lixAJI5. 6CU*1«M X^BSr. IE 
••/ h^FSCfeJ: 0 2 0 nmOflBICKJBiUi. 



[0043] si*y-7-*3W80ttrafcLT3«tWl k 
PHUK-fb^ ( 2 ) TwtZtlb ft&lzWtt h * 'J ( 3 
-TWf^?!^) (p o 1 y (3-a 1 ky 1 t 
hiophene]:PAT) •< xx y h 

**C J: o X At 'J -e-^yi 8 £ KM Ufc . 

[0044 ] #V-?-$£m9cr>tt®tlX**htt : ?- 

Tb&w&t ( 3 ) x-^tsti&it&tewz. mt^^ 
&miH-x'b&itt&£ ( 4 ) x'^zti&it-sm o . 5 

*C J: -> T IHWfe}6tf»K U v-S£3fcJg 9 »SK Ufc . 
[0045] 
[ft3] 

F 



(3) 




CN 

*X (G) 




(4) 



felUtt^ (G) 
[ 0 0 4 6 ] * »J "7-5%^ 1 0 <75*ffik LT-fk^ 
(5) T*Stlft«fefc»3lrt-6sKU (9. 9 1 -S/T 
;Pdf;U7^>fU->-) (poly{9, 9' -dialk 
ylfluorene):PDAF) £rffllr\ -O^^ 
x -y htttzX oT*fefBt<0sJcy 1 0 5:8! 

[0047] 
[^4] 




(5) 



PDAF(B) 

[0 04 8] A' 7 7rll 1 k LXm2$)3 nmOL i 
FSr^/N' y^y y^(C«fc OJBfKL^:. -fOilC. #V- 
Hl 2 k LxmZ#)l OOnmWCa (tf/Px^A) £ 
H£U S&(c*O±fcH$£>3 0 0nm<9ffi«ffil 3 
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[004 9] £<0^EL«5**SaS: 2 0m A/cm* 
Olta*KTW6S*fc fc S eoaa^KWHBrti 12 0 0 

[00 50] 

^£^*_&^T«E LJEJL&TJiflM «ktf 



[01 ] jdt«Wfc3&^**1*E LJKHBai 

[02 ] *9WK>JtlM 1 ft:*$*t&««E Lasat^F* 
[03 ] *^^Htt«?9l *c*5*tft-< ^?A^)*M- 
[04 ] *«^HOJtlK«^*5*t6>f V?G<oy/l^-$ 



1 

2 
3 
4 
5 
6 
7 
8 
9 

1 0 
1 1 
1 2 
1 3 
1 4 



mm 

mm 
mm 

^'J7-M1 (R) 
jKUv-WCJI (G) 
■■#yv-«3W (B) 



in 



[02] 



13 8 12 




13 12 11 



2 3 5 




5 i 3 8 
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